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(54) ULTRAVIOLET-SCREENING ZINC OXIDE EXCELLENT IN TRANSPARENCY AND 
COMPOSITION CONTAINING THE SAME 



(57) The present inventors conducted investigations 
in order to develop a metal oxide which enables effec- 
tive UV-screening; i.e. which has excellent screening 
ability against ultraviolet rays, particularly against long- 
wavelength ultraviolet rays, as well as excellent visible- 
light transmission; and to provide a UV-screening com- 
position that contains the metal oxide and can be 
applied to external use. As a result, the present inven- 
tors have found that zinc oxide produced by a particular 
method has a characteristic form; i.e.. primary particles 
having an average particle diameter of 50-100 nm 
aggregate in a planer shape, and a ratio represented by 
'nT360nm/'"T4oonm (Txnm- transmittanco of transmitted 
light of X nm) of 10 or more, and exerts excellent 
screening effect against long-wavelength ultraviolet rays 
as well as excellent visible-light transmission. The 
present invention has been accomplished based on this 
finding. The zinc oxide of the present invention effec- 
tively exerts the above-described excellent characteris- 
tics; i.e. UV-screening effect and transparency, and can 
be applied to a composition for external use such as 
make-up cosmetics or sunscreen cosmetics. 



Fig. 8 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to zinc oxide exhibiting an excellent screening effect, particularly against long- 
wavelength ultraviolet rays (UV-A). as welt as to a composition containing the zinc oxid . 

[0002] More particularly, the present invention relates to zinc oxide In the form of primary particles having an aver- 
age particle diameter of 50-100 nm and forming a planar shape, which zinc oxide exerts an excellent screening effect 
against ultraviolet(UV) rays, particularly against long-wavelength UV rays, and excellent visible-light transmission. The 
10 present invention also relates to a UV-screening composition containing the zinc oxide and applicable to, e.g., a com- 
position for external use. 

BACKGROUND ART 

15 [0003] Recently, adverse effects on the human body of ultraviolet rays included in sunlight have become widely 
known, and various measures directed toward alleviating or preventing the adverse effects have been considered. 
[0004] Ultraviolet rays are divided into three categories based on dermatological effects, i.e., long-wavelength ultra- 
violet rays (UV-A) (32&400 nm), medium-wavelength ultraviolet rays (UV-B) (290-320 nm), and short-wavelength ultra- 
violet rays (UV-C) (shorter than 290 nm). 

20 [0005] Of these, UV-C can cause fatal harm to living things, including human beings. So far, UV-C has been 
absorbed by the ozone layer of the upper atmosphere before reaching the earth (However, there is concern that recent 
depletion of the ozone layer may allow UV-C to damage living things on the earth). 

[0006] UV-A and UV-B reach the earth, and human beings are exposed to them. UV-A and UV-B have a number of 
effects on the human body. 

25 [0007] UV-A and UV-B have many more adverse effects rather than beneficial effects, such as promotion of produc- 
tion of vitamin D In the body. 

[0008] The development of agents for preventing harm caused by UV-B started earlier and was earned out more 
actively than that for preventing harm caused by UV-A. However, adverse effects caused by UV-A, such as accelerated 
aging of the skin, have been noted recently, and a number of measures to effectively screen UV-A have been proposed. 

30 [0009] Presently, when an inorganic substance is used to screen ultraviolet rays in sunlight, a metal oxide having 
an excellent UV-screening effect such as titanium dioxide or zinc oxide is incorporated into a composition for external 
use, such as a cosmetic composition, to thereby make use of the UV-screening effect of the metal oxide for protection 
of the human body from UV rays in sunlight. However, when the metal oxide is used to improve a screening effect 
against UV-A, whose wavelength range includes a wavelength proximate to the wavelengths of visible light, there arises 

35 a problem that the application area of the skin appears unnaturally white due to a characteristic of metal oxides scatter- 
ing visible light. Therefore, the content of the metal oxide incorporated into a composition for external use is limited. As 
a result, a composition for external use has not yet led to exerting a sufficient screening effect against UV-A. 
[0010] At present, measures for screening UV-A have not been fully established. 

[001 1] In view of the foregoing, an object of the present invention is to provide a metal oxide which enables effective 
40 UV-screening, i.e., which has excellent screening ability against UV rays, particularly UV-A, as well as excellent trans- 
mission with respect to visible light. Another object of the present invention is to provide a UV-screening composition 
that contains the metal oxide and can be applied to external use. 

DISCLOSURE OF THE INVENTION 

45 

[0012] The present inventors have earned out extensive studies, and have found that zinc oxide that can be pro- 
duced by a particular method and that has a characteristic form has excellent UV-A-screening ability as well as excel- 
lent visible-light transmission. The present invention has accomplished based on this finding. 
[0013] Accordingly, in the present invention, there is provided zinc oxide in the form of primary particles having an 
50 average particle diameter of 50-100 nm and forming a planar shape, the zinc oxide having a ratio represented by 
'"T360nrT/'nT4oonm(Txnm' transmittance of transmitted light of X nm) of 10 or more. 
[0014] Particularly, there is provided zinc oxide having the following morphological characteristics: 

(1) the zinc oxide is in the form of primary particles having an average particle diameter of 50-100 nm and forming 
55 a planar shape, the zinc oxide having a roughness con-esponding to the diameter of one such primary particle; 

(2) the longest dimension of the above zinc oxide is 0.01-5 nm; and 

. (3) the edge portion of the zinc oxide as described in (1) and (2) above has indentures having a depth of 10-200 
nm, at intervals of 10-200 nm. 
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[0015] In the pres nt description, the term "the longest dimension" of the zinc oxide is a distance between two 
points on a plane formed of the zinc oxide primary particles selected such that the distance is maximized. 
[0016] Th zinc oxide according to the present invention (hereinafter refen-ed to as the zinc oxide of the present 
Invention) is produced by crushing the zinc oxide aggregate produced in the following manner. 

5 [0017] Specifically, zinc ions (Zn^"": supplied by a strong acid salt of zinc such as zinc chloride, zinc sulfate, or zinc 
nitrate), carbonate ions (COa^': supplied by a carbonate salt such as sodium carbonate or potassium carbonate), and 
hydroxide ions (OH': supplied by a strong base such as sodium hydroxide or potassium hydroxide) are allowed to react 
In water, preferably at 40*'C-70**C, while the pH of the aqueous reaction solution is maintained at 7-9 and the mole ratio 
of hydroxide ion to cartwnate ion is fixed to be not greater than 4 (preferably approximately 2.5-3.5, although the amount 

10 of hydroxide ion may be 0). Basic zinc carbonate formed in the aqueous reaction solution is calcinated (150*C-450*'C) 
to thereby generate the zinc oxide aggregate according to the present invention (hereinafter referred to as "the zinc 
oxide aggregate of the present invention"). 

[0018] The present Invention also provide a UV-screening composition containing the zinc oxide of the present 
invention that may be applied to a composition for external use such as make-up cosmetics or sunscreen cosmetics, as 

15 well as a UV-screening composition containing the zinc oxide aggregate of the present invention. 

[001 9] When the UV-screening composition containing the zinc oxide aggregate is used as a composition for exter- 
nal use, the zinc oxide aggregate contained in the composition is crushed on the skin by friction generated during appli- 
cation of the composition to the skin, to thereby develop, on the skin of the user of the composition, transparency and 
UV-screening ability Induced by the resultant zinc oxide represented by lnT360nm/'nT4oonm(Txnm- transmlttance of trans- 

20 mitted light of X nm) of 1 0 or more. 

[0020] Thus, the present invention is also directed to a method for use of the external-use composition according 
to the present invention. 

BRIEF DESCRIPTION OF DRAWINGS 

25 

[0021] 

Fig. 1 Is a photograph of a metaliographic structure of 10000 magnifications showing a zinc oxide aggregate 
according to the present invention; 
30 Fig. 2 is a photograph of a metaliographic structure of 50000 magnifications showing a zinc oxide aggregate 
according to the present invention: 

Fig. 3 Is a photograph of a metaliographic structure of 10000 magnifications showing a zinc oxide aggregate in 
which giant particles having the shape of a grain of rice are observed; 

Fig. 4 is a photograph of a metaliographic stmcture of 50000 magnifications showing a zinc oxide aggregate in 
35 which giant particles having tiie shape of a grain of rice are observed; 

Fig. 5 is a photograph of a metaliographic structure of 10000 magnifications showing a zinc oxide aggregate having 
a card-like shape; 

Fig. 6 is a photograph of a metaliographic structure of 50000 magnifications showing a zinc oxide aggregate having 
a card-tike shape; 

40 Fig. 7 is a photograph of a metaliographic structure of 50000 magnifications showing zinc oxide according to the 
present inventfon; and 

Fig. 8 is a chart confirming transmlttance at a variety of wavelengths of zinc oxide according to tiie present Inven- 
tion and other zinc oxides. 

45 BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] The embodiments of the present invention will next be described. 

[0023] As described above, the zinc oxide of the present invention is zinc oxide in the form of primary particles hav- 
ing an average particle diameter of 50-100 nm and forming a planar shape that has a ratio represented by 
50 lnT360nm/'"T4oonm (Jxnm'' transmlttance of transmitted light of X nm) of 10 or more. 

[0024] In tile present invention, the ratio lnT360nm/lnT4oonm (Jxnm^ transmlttance of transmitted light of X nm) witti 
regard to zinc oxide serves as an index to determine whether or not the zinc oxide has the desired characteristics of the 
present invention. 

[0025] The ratio inT360nm/'nT4oonm represents an index showing the relationship between a screening effect 
55 against long-wavelength ultraviolet rays and visible-light transmission. That is, the ratio of the logarithmic transmlttance 
. against tong-wavelength ultraviolet rays (X = 360 nm) to the logarithmic ti^nsmittance to visible light (X = 400 nm) makes 
.'. it possible to simultaneously consider two factors; i.e., transparency and a screening effect against long-wavelength 

ultraviolet rays. 
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[0026] Accordingly, when zinc oxide has a large valu of the ratio lnT36onm/'nT4oonm. zincoxid has high trans- 
mittance to visible light; i.e., excellent transparency, and also has low transmlttance to long-wavelength UV rays; I.e., an 
excellent screening effect against long-wavelength UV rays. 

[0027] According to a first aspect of the present invention, there is provided zinc oxide that has a ratio represented 

5 by lnT360nm/InT4oonm of 1 0 or more. 

[0028] No particular limitation is imposed on the general form of the zinc oxide of the present invention so long as 
the zinc oxide has "a ratio represented by lnT360nin/ln"r4oonm of 10 or more". The zinc oxide of the present invention is 
zinc oxide consisting of at least one unit of planar zinc oxide when "zinc oxide in the form of primary particles forming 
one planar shape" is defined as one unit of planar zinc oxide. The below-^iescribed "zinc oxide aggregate" differs from 

10 the zinc oxide of the present invention in that the zinc oxide of the present invention has a ratio represented by 
lnT360nm/'ri'''400nm Of 10 or more, whereas the zinc oxide aggregate perse has neither a screening effect against long- 
wavelength UV rays nor visible-light transmission. 

[0029] The zinc oxide of the present invention is formed in the following manner. First, zinc ions (Zn^*^). carbonate 
ions (COa^'), and hydroxide ions (OH") are allowed to react in water serving as a solvent while the pH of the aqueous 

15 reaction solution is maintained at 7-9 and the mole ratio of hydroxide ion to carbonate ion is fixed to be not greater than 
4 (the amount of hydroxide ion may be 0). Basic zinc carbonate formed in the aqueous reaction solution is calcinated 
to thereby generate a zinc oxide aggregate, which aggregate comprises plural units of the zinc oxide of the present 
invention, the zinc oxide aggregating together so as to provide the zinc oxide aggregate with microscopic morphology 
like a carnation (hereinafter, the zinc oxide aggregate is referred to as "the zinc oxide aggregate of the present inven- 

20 tion"). The zinc oxide aggregate of the present invention is crushed according to a commonly-used method, to thereby 
obtain the zinc oxide of the present invention. 

[0030] Examples of materials that provide the aforementioned zinc ion include zinc salts of strong acid such as zinc 
chloride, zinc sulfete. and zinc nitrate. Examples of materials that provide the aforementioned carbonate ion include 
carbonates such as sodium carbonate and potassium carbonate. Examples of materials that provide the aforemen- 
25 tioned hydroxide ion include strong bases such as sodium hydroxide and potassium hydroxide. 

[0031] The basic zinc carbonate formed in the above steps may be produced in such a manner that an aqueous 
solution in which zinc ion is dissolved and an aqueous solution in which carbonate ion and hydroxide ion are dissolved 
are mixed so as to maintain the pH of the aqueous reaction solution at 7-9. 

[0032] The mole ratio of carbonate ion/hydroxide ion is preferably 1/(4 or less) (including the case In which the 
30 amount of hydroxide ion is 0). The mole ratio of carbonate/strong base of 1/(2.5-3.5) is particularly prefenred. 

[0033] When the carbonate ion is in excess deviating the above range, unreacted carbonate ions remaining in the 
reaction solution accumulate. As a result, the microscopic morphology of the formed zinc oxide aggregate results in a 
card-like or sheet-like form, not a carnation-like form. When such a zinc oxide aggregate is crushed, there might disad- 
vantageously be provided zinc oxide having deteriorated visible-light transmission. When the hydroxide ion is exces- 
35 sive. giant particles having the shape of a grain of rice are generated in the formed zinc oxide aggregate. When such a 
zinc oxide aggregate is crushed, there might disadvantageously be provided zinc oxide having greatly deteriorated UV- 
A-screening ability and greatly deteriorated visible-light transmission. 

[0034] No particular limitation is imposed on the step for forming basic zinc carbonate in the aforementioned aque- 
ous reaction solution so long as carbonate ions are appropriately consumed. As described above, an alkaline solution 

40 containing carbonate ions and hydroxide ions and an acidic solution containing zinc ions may be mixed by way of add- 
ing dropwise. Alternatively, a solution containing carbonate ions and a solution containing hydroxide ions may be added 
dropwise separately. Moreover, in consideration of time-course accumulation of carbonate ions in the aqueous reaction 
solution, the concentration of carbonate ions in the alkaline solution may be gradually decreased in accordance with the 
accumulation of carbonate ions. 

45 [0035] As described above, the pH of the aqueous reaction solution is preferably 7-9. When the pH is in excess of 
9. rice-grain-shaped or tetrapod-shaped particles are generated in the fbnmed zinc oxide aggregate. When such a zinc 
oxide aggregate is crushed, there might disadvantageously be provided zinc oxide having greatly deteriorated UV-A- 
screening ability and greatly deteriorated visible-light transmission. When the pH is less than 7, efficiency in formation 
of basic zinc carbonate disadvantageously decreases to a large degree. 

50 [0036] The temperature of the aqueous reaction solution is preferably 40-70°C. When the temperature is lower than 
40'*C, the formation efficiency of basic zinc carbonate decreases; whereas when it is in excess of 70°C, there are gen- 
erated rice-grain-shaped or tetrahepod-shaped particles which are disadvantageous in that they lead to providing zinc 
oxide having greatly deteriorated UV-A-screening ability and greatly deteriorated visible-light transmission. 
[0037] The zinc oxide aggregate of the present invention is formed by calcinating basic zinc cart)onate preferably 

55 at 150**C-450''C. When the calcinating temperature is in excess of 450*'C, zinc oxide particles are over-sintered to 
thereby produce a zinc oxide aggregate disadvantageously lacking the desired characteristics of the present invention; 
whereas when the calcinating temperature is lower than ISC'C, decarbonation by calcinating becomes disadvanta- 
geously slow with poor practical utilization. 
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[0038] Th zinc oxide of the pres nt invention derived from the zinc oxide aggregate of the present invention 
obtained through calcinating at a lower tennperature tends to exert more excellent visible-light transmission. In consid- 
eration of the rate of decarbonation reaction, th calcinating temperatur is preferably 250X-400<'C, particularly pref- 
erably approximately 250°C-260''C. 
5 [0039] The calcinating time may be selected in accordance with the selected calcinating temperature. For exampi , 
when the selected calcinating temperature is low, calcinating is required for a long tlm (e.g.. requiring some days at 
ISC'C); whereas when the selected calcinating temperature is high, decarbonation is completed by calcinating for a 
short time (e.g.. decarbonation is completed by calcinating for some hours at 250''C). 

[0040] There can be obtained the zinc oxide aggregate of the present invention in which a plurality of units of the 
10 zinc oxide of the present invention aggregate so as to possess microscopic morphology like a carnation, by calcinating 
basic zinc carbonate as described above. 

[0041] Although the microscopic morphology of the zinc oxide aggregate resembles a carnation (c.f., the electron 
microscopic photographs), the overall morphology of one unit in the aggregate is not limited and varies In accordance 
with the reaction conditions. 

15 [0042] The zinc oxide aggregate of the present invention obtained through the above-described steps is crushed, 
to thereby produce the zinc oxide of the present invention. 

[0043] Generally known methods for crushing powder may be employed for crushing the zinc oxide aggregate of 
the present invention. The zinc oxide aggregate of the present invention may be mechanically crushed to produce the 
zinc oxide of the present invention. Specific examples of the machines used for crushing include a three-roll mill, an 
20 ultrasonic crusher, a bead mill, a motor mill, a ring mill, an atomizer, and a puh^erizer. Of these, a three-roll mill and a 
motor mill are preferred. 

[0044] Thus, there is provided the zinc oxide of the present invention in the form of primary particles having an aver- 
age particle diameter of 50-100 nm and forming a planar shape that has a ratio represented by lnT360nm/'nT4oonm 
(Txnm- transmittance of transmitted light of X nm) of 10 or more. The zinc oxide of the present invention exerts excellent 
25 UV-A-screening ability and visible-light transmission. 

[0045] The zinc oxide of the present invention has the following morphological characteristics (c.f., the below-men- 
tioned Examples): 

(1) the zinc oxide is in the form of primary particles having an average particle diameter of 50-100 nm and forming 
30 a planar shape, the planar zinc oxide having a roughness corresponding to the diameter of one such primary par- 
ticle; 

(2) the longest dimension of the above planar zinc oxide is 0.01-5 ^m; and 

(3) the edge portion of the planar zinc oxide as described in (1) and (2) above has indentures having a depth of 10- 
200 nm. at intervals of 10-200 nm. 

35 

[0046] The above-described zinc oxide and zinc oxide aggregate of the present invention may optionally be hydro- 
phobicized and given water repellency through a generally known method for surface-treating. Examples of materials 
for surface-treating include fatty acid soaps such as aluminum stearate or zinc myristate; waxes such as candelilla wax 
and carnauba wax; silicones such as methylpolysiloxane and cyclic silicone oil; dextrin fatty acid esters such as dextrin 
40 palmitate; and fatty acids such as myristic acid and stearic acid. 

[0047] The present invention provides a UV-screening composition, which contains the thus-obtained zinc oxide 
and/or zinc oxide aggregate of the present invention and has a UV-screening effect (hereinafter the UV-screening com- 
position is referred to as the UV-saeening composition of the present invention). 

[0048] The UV-screening composition of the present invention is a composition at least with an intended use of 
45 screening (concept Including scattering of and absorption of) UV rays. Therefore, no particular limitation is imposed on 
the embodiment of the composition so long as it Is suitable for such a use. Specific examples of the UV-screening com- 
positions include a composition for external use such as cosmetics applied to the skin to thereby protect the human 
body from UV rays; a resin composition exhibiting a UV-screening effect; and a coating composition which can give a 
UV-screening effect to an object by coated to the object. 
so [0049] Among the possible embodiments of the UV-screening composition of the present invention, a composition 
for external use such as a cosmetic composition is partlculariy prefen-ed in that the zinc oxide of the present invention 
contained therein as an essential ingredient exerts both excellent UV-screening ability and excellent transparency. 
[0050] The composition for external use according to the present invention (hereinafter referred to as the composi- 
tion for external use of the present invention) is described. 
55 [0051] The zinc oxide and/or zinc oxide aggregate of the present invention is appropriately incorporated in the com- 
position for external use of the present invention in accordance with the specific form of the composition or other factors. 
... The amount of the zinc oxide and/or zinc oxide aggr gate of the present invention in the composition is about 0.001 
wt.% or more based on the entirety of the composition, generally 1.0-30.0 wt.%. When the amount is less than 0.001 
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wt,%, imparting the intended UV-A-screening effect to the composition is difficult. 

[0052] Although the upper limit of incorporation is about 30.0 wt.% as described above, the limit is merely an index, 
and the amount of incorporation may be increased to 1 00 wt.%. As described abov , the zinc oxide of the present inven- 
tion exerts excellent visible-light transmission and excellent transparency. Therefore, when the zinc oxide is incorpo- 

5 rated into the composition in a large amount, the composition does not lead to unnaturally white color in application 
thereof, and can be incorporated in an amount greater than that of conventionally incorporated zinc oxide powder. 
[0053] Thus, there is provided a composition for external use exhibiting an excellent UV-A-screening effect and 
excellent transparency at least in application thereof through incorporation of the zinc oxide and/or zinc oxide aggregate 
of the present invention into the composition. 

10 [0054] The composition for external use of the present invention containing the zinc oxide of the present invention 
shows the above-described excellent UV-A-screening ability and excellent visible-light transmission and excellent trans- 
parency even before being applied to the skin. 

[0055] In contrast, the composition for external use of the present invention containing the zinc oxide aggregate of 
the present invention hardly exerts the desired effects of the present invention, because the zinc oxide aggregate of the 

15 present invention does not have the above-described excellent UV-A-screening ability and excellent visible-light trans- 
mission as it is. The above-described effects can be exerted when the composition is actually applied. 
[0056] In other words, the composition for external use of the present invention containing the zinc oxide aggregate 
of the present invention imparts transparency and a UV-screening effect to the skin of users induced by the zinc oxide 
as represented by a lnT360nn/'nT4oonm ratio (Txnm- transmittance of transmitted light of X nm) of 1 0 or more by crushing 

20 the zinc oxide aggregate contained in the composition on the skin through firiction generated during application. 

[0057] As described above, in the present invention, there is also provided a method for use of the composition for 
external use of the present invention. ' 

[0058] To the composition for external use of the present invention, there may be added other ingredients which are 
usually incorporated into a composition for external use such as a cosmetic composition, so long as the ingredients do 

25 not impair the effects of the present invention. 

[0059] Examples of the ingredients include solid or semi-solid oily components such as vaseline, lanolin, ceresrne, 
carnauba wax. candelilla wax, higher fatty acids, and higher alcohols; liquid oily components such as squalane, liquid 
paraffin, ester oil, and triglycerides; oily components such as silicone oil; moisturizers such as sodium hyaluronate and 
glycerin; surfactants such as cationic surfactants and non ionic surfactants; pigments; preservatives; perfumes; activa- 

30 tors; and UV-screening agents other than the zinc oxide of the present invention. 

[0060] The composition for external use of the present invention may be in a form such as powder, cake, pencil, 
stick, ointment, or liquid. Examples as which the composition of the present invention may be formulated include facial 
cosmetics such as fotions, milky lotions, and creams; make-up cosmetics such as foundations, lipsticks, eye shadows, 
cheek rouges, eye liners, nail enamels, and mascaras; hair cosmetics such as hair treatments, hair liquids, and setting 

35 lotions; and agents for external use containing a variety of active ingredients. 

[0061] Of these, when cosmetics, particularly make-up cosmetics or sunscreen cosmetics which positively screen 
UV rays in sunlight to thereby prevent sunburn, contain the zinc oxide and/or zinc oxide aggregate of the present inven- 
tion, they can folly exert the characteristic effects of the present invention; i.e.. excellent screening effect against UV 
rays, particularly long-wavelength UV rays, as well as excellent visible-light transmission, at least during use thereof. 

40 

EXAMPLES 

[0062] The present invention is described in more detail by way of examples, which should not be construed as lim- 
iting the invention thereto. 

45 

[Production Example] Production of the zinc oxide of the present Invention 

[0063] Sodium carbonate (sodium carbonate decahydrate) and sodium hydroxide in the mole ratios shown in Table 
1 were dissolved in 200 ml water, to thereby prepare alkaline solution. 
50 [0064] Separately. 1 000 ml water was placed In a reaction vessel and heated to 60**C. While the temperature of the 
aqueous reaction solution was maintained at 60°C and pH was maintained at 8.0 by use of a pH controller connected 
to a pump, a 1 .0 M aqueous solution of zinc chloride (containing 0. 1 M hydrochloric acid) and the above-described alka- 
line solution were added dropwise to the aqueous reaction solution. 

[0065] Upon completion of addition of a predetermined amount (see Table 1 ) of the aqueous solution of zinc chlo- 
55 ride, the reaction was stopped. The reaction solution was filtrated through a 0.4 ^m filter, followed by washing with water 
3 times. 

[0066] The residue was dried at 1 SO^'C for 1 2 hours and thereafter calcinated for 2 hours at 400°C, to thereby obtain 
zinc oxide aggregate of interest. 
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[0067] Next, the resultant zinc oxide aggregate was dispersed in castor oil so as to have a concentration of 40% 
and pulverized by use of a three-roll mill (EXAKT: Otto Hermann Co. (Germany)), to thereby obtain zinc oxide to b 
tested. 

5 prest Example 1] 

A. Evaluation of ratio in alkaline solution and m orpholoov of zinc oxide 

[0068] Each zinc oxide aggregate obtained in the above-mentioned Production Example was observed under a 
10 scanning electron microscope at 10,000 or 50.000 magnifications, to thereby evaluate the microscopic morphology of 
the zinc oxide. 

Evaluation Standards 

IS [0069] 

O: Zinc oxide units, each unit of zinc oxide having microscopic morphological characteristics (1)-(3) below, aggre- 
gate and the microscopic morphology of the aggregate observed under a microscope resembles a carnation (see 
Fig. 

20 1: photograph of a metallographic structure of 10000 magnifications, and Fig. 2: photograph of a metallographic 
structure of 50000 magnifications). 

(1) the zinc oxide is in the form of primary particles having an average particle diameter of 50-100 nm and form- 
ing a planar shape, the planar zinc oxide having a roughness con-esponding to the diameter of one such pri- 

25 mary particle; 

(2) the longest dimension of the above planar zinc oxide is 0.01-5 jim; and 

(3) the edge portion of the planar zinc oxide as described in (1) and (2) above has indentures having a depth 
of 10-200 nm, at intervals of 10-200 nm. 

30 a: Rice-grain-shaped giant particles were observed (see Fig. 3: photograph of a metallographic structure of 10000 
magnifications, and Fig. 4: photograph of a metallographic structure of 50000 magnifications). 
X: A card-like shape was observed (see Fig. 5: photograph of a metallographic structure of 10000 magnifications, 
and Fig. 6: photograph of a metallographic structure of 50000 magnifications). 

35 [0070] The results are shown in Table 1 (in the Table, denotes "not measured"). 



Table 1 



40 


Ratio in alkaline solution 

sodium carbonate : 
sodium hydroxide (mote 
ratio) 


Amount of added aqueous solution of zinc chlo- 
ride 






20 ml 


; 40 ml 


: 100 ml 


; 500 ml 


• 1000 ml 


45 


1 :9 


X 


; X 


X 


; X 


X 




1 :6 


X 


: ^ 


X 


\ X 


X 




1:5 


X 


: ^ 


X 


X 


X 


SO 


1:4 


X 


X 


X 


X 


X 


1 :3.5 










0 




1 : 3.25 








0 


o 




1 :3.10 










o 


55 


1 : 3.05 










o 




1 :3 


0 . 


0 : 


0 : 
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Table 1 (continued) 



10 



Ratio in alkaline solution 

sodium carbonate : 
sodium hydroxide (mole 
ratio) 


Amount of added aqueous solution of zinc chlo- 
ride 




20 ml 


40 ml 


100 ml 


500 ml 


1000 ml 


1:1 


0 


O 


X 


X 


X 


4:1 


0 


o 


X 


X 


X 


7:1 


0 


0 


X 


X 


X 


1:0 


0 


X 


X 


X 





15 [0071] These results suggest that in order to obtain a zinc oxide aggregate of interest having a microscopic mor- 
phology of a carnation-like form, the mole ratio of sodium carbonate to sodium hydroxide in an alkaline solution must 
be 1 :(tess than 4), and more preferably is 1 :2.5 - 1 :3.5. 

B. Evaluation of morDholoov of zinc oxide and relationship between the morphology and light transmission 

20 

[0072] Each zinc oxide sample obtained as described above (obtained by pulverizing the above-mentioned zinc 
oxide aggregate) was investigated for transmittance of visible light (400 nm) and transmittance of UV-A (360 nm). 
[0073] The results are shown in Table 2. "Flower-shaped zinc oxide" indicates randomly-sampled zinc oxide 
obtained by pulverizing zinc oxide aggregate having a carnation-like microscopic morphology. "Card-shaped zinc oxide" 
25 indicates randomly-sampled zinc oxide obtained by pulverizing zinc oxide aggregate having a card-like microscopic 
morphology. "Rice-grain-shaped zinc oxide" indicates randomly-sampled zinc oxide obtained by pulverizing zinc oxide 
aggregate having rice-grain-shaped giant particles. 

[0074] Commercial product 1 is ZnO-350 (Sumitomo Osaka Cement Co.. Ltd.) and commercial product 2 is FINEX- 
50 (Sakai Chemical Industry Co., Ltd.) 
30 [0075] Transmittance was measured at 400 nm and 360 nm, as described above, by a customary method (a sanv 
pie thoroughly pulverized in a three-roll mill was dispersed in a dispersion solvent, then appropriately diluted with oil (5- 
10%). and light transmittance at each wavelength through the dispersion system was measured). 



Table 2 





Transmittance at 400 nm 


Transmittance at 360 nm 


LnT360nrr/ln"''400nm 


Flower-shaped zinc oxide 


90% 


27-32% 


12.42-10.81 


Card-shaped zinc oxide 


90% 


37-40% 


9.44-8.70 


Rice-grain-shaped zinc oxide 


85% 


40-55% 


5.64-3.68 


Commercial product 1 


90% 


42% 


8.23 


Commercial product 2 


87% 


32% 


8.18 



45 

[0076] The results confirm that the zinc oxide of the present invention prepared from the zinc oxide aggregate of 
the present invention, whose microscopic morphology resembles a carnation, has more effective UV-A-screening ability 
and better transmission of visible light; i.e., has better transparency. A value of InTseonm/'n'^AOonm (Txnm- transmittance 
of transmitted light of X nm) of the zinc oxide of the present invention is shown to be 10 or more. 

50 [0077] Fig. 7 is a photograph of a metallographic structure (50000 magnifications, under a scanning electron micro- 
scope) showing the zinc oxide of the present invention produced by pulverizing the zinc oxide aggregate of the present 
invention, whose microscopic morphology resembles a carnation, with a three-roll mill. The photograph of the metallo- 
graphic stoicture clarifies that zinc oxide of the present invention is in the form of primary particles having an average 
particle diameter of 50-100 nm and forming a planer shape. 

55 [0078] Fig. 8 is a chart showing light transmittance of the zinc oxide of the present invention and that of other types 
of zinc oxide at different wavelengths. These results show that the zinc oxide of the present invention exhibits a better 
screening effect against total ultraviolet rays as compared with other zinc oxide, and excellent transmission to visible 
light, especially to short-wavelength visible lighL 
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C. Relation between caictnatina temperature and Ir^ht transmission 

[0079] In th above-described Production Example, the mole ratio of sodium carbonat to sodium hydroxid in an 
alkaline solution was 1 (sodium carbonate) : 3.25 (sodium hydroxide) and the quantity of the aqueous solution of zinc 
5 chloride was fixed to 1000 ml. Zinc oxide aggregate produced by calcinating at each temperature was pulverized in the 
above-described manner to thereby obtain zinc oxid . Light transmission of th zinc oxide was evaluat d in terms of a 
ratio of lnT360nm/lnT4()onm (Jxnm- transmittance of transmitted light of X nm). Calcinating was continued until It was 
proven that a decarbonation reaction had been completed. 
[0080] The results are shown in Table 3. 

10 



Tabled 



15 





1 


2 


3 


4 


5 


6 


Calcinating temp. (''C) 


150 


300 


400 


500 


600 


700 


^400nm 


96% 


93% 


90% 


87% 


80% 


80% 




50% 


38% 


27% 


37% 


45% 


55% 


'nT3eonnr/*nT4oonm 


16.9 


13.3 


12.4 


7.1 


3.6 


2.7 



[0081] In the test system, when the calcinating temperature was in the vicinity of 450°C, the value of 
ln^360nrT/'nT400nm '^^-O* When the calcinating temperature was in excess of 450°C, zinc oxide particles were sin- 
tered. In this case, while transmittance to visible light was reduced, screening ability against long-wavelength ultraviolet 

25 rays hardly improved and the value of lnT360nm/tnT4oon„, became less than 10. 

[0082] When the calcinating temperature was set at 150®C, a high value of lnT360nm/lnT4oonm was obtained. How- 
ever, in this test system 1 , the decarbonation reaction required an entire day for completion, as compared with 1-2 hours 
in test systems 2 and 3. Therefore a reaction scheme employing a calcinating temperature of 150X is disadvantageous 
in terms of production efficiency. 

30 [0083] When a calcinating temperature was set below 1 50''C. decarbonation reaction required some days for com- 
pletion and therefore such a temperature is not preferable because production efRclency Is considerably deteriorated. 
[0084] In this test, zinc oxide produced at each calcinating temperature was subjected to X-ray diffraction. A peak 
indicating zinc oxide produced at low calcinating temperature (150X) is broad, indicating that the form of the zinc oxide 
closely resembles amorphous and that the zinc oxide is excellent in visible-light transmission. Conversely, a peak indi- 

35 eating zinc oxide produced at a calcinating temperature of 400''C is sharp. Indicating that the zinc oxide is excellent in 
screening effiect against long-wavelength ultraviolet rays, although slightly deteriorated in visible-light transmission (the 
chart is not shown). 

[0085] The foregoing results prove that, in the preparation of the zinc oxide of the present invention, proper adjust- 
ment of calcinating temperature yields zinc oxide having expected tight transmission (visible-light transmission and 

40 screening effect against long-wavelength ultraviolet rays). 

[0086] Actual examples of the composition for external use of the present invention (cosmetics) containing the zinc 
oxide of the present invention obtained in the above-mentioned manner will next be described as Examples (with Com- 
parative Examples). These compositions for external use were prepared in a conventional manner and tested. 
[0087] In the Examples, "the zinc oxide of the present invention" indicates flower-shaped zinc oxide produced in the 

45 above-described Production Example and used in Test Example 1, and "card-shaped zinc oxide" and "rice-grain- 
shaped zinc oxide" indicate the respective zinc oxides defined In Test Example 1 . 



50 



55 
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lExample 1] 0/W-typ Cream 
[0088] 



5 





Ingredient 


Amount (wt.%) 




(aqueous phase) 




in 


purified water 


balance 




1,3-butyiene glycol 


7.0 




the zinc oxide of the present Invention 


5.0 


IS 


disodium edetate 


0.05 


triethanolamine (99%) 


1.0 




(oily phase) 






oxybenzone 


2.0 


20 


octyl para-methoxycinnamate 


5.0 




cm islano 
ov)UcllClLlc 


lU.U 




Vaseline (petrolatum) 


5.0 


25 


stearyl alcohol 


3.0 




stearic acid 


3.0 




glyceryl monostearate 


3.0 




polyethyl acryrate 


1.0 


30 


antioxidant 


suitable amount 




preservative 


suitable amount 




perfume 


suitable amount 



35 

[0089] In Comparative Example 1 -1 , an O/W-type cream was prepared in the same manner as in Example 1 except 
that the zinc oxide of the present invention was replaced by an equal amount of card-shaped zinc oxide. In Comparative 
Example 1-2, an OA/V-type cream was prepared in the same manner as in Example 1 except that the zinc oxide of the 
present invention was replaced by an equal amount of rice-grain-shaped zinc oxide. In Comparative Example 1-3, an 
40 O/W-type cream was prepared in the same manner as in Example 1 except that the zinc oxide of the present invention 
was replaced by an equal amount of micro particle titanium dioxide. 
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[Example 2] 0/W-type Milky Lotion 
[0090] 



Ingredient 


Amount (wt.%) 


(aqueous phase) 




purified water 


balance 


drpropylene glycol 


6.0 


ethanol 


3.0 


hydroxyethylcellulose 


0.3 


the zinc oxide of the present invention 


5.0 


(oily phase) 




octyl para-methoxycinnamate 


6.0 


glyceryl octyl para-methoxycinnamate 


2.0 


4-ferf-butyM'-methaxydibenzoylmethane 


2.0 


oxybenzone 


3.0 


oleyl oleate 


5.0 


dimethyl polysiloxane 


3.0 


Vaseline 


0.5 


cetyl alcohol 


1.0 


sorbitan sesquioleic acid ester 


0.8 


polyoxyetylene (20) oleyl alcohol 


1.2 


antioxidant 


suitable amount 


preservative 


suitable amount 


perfume 


suitable amount 



[0091] In Comparative Example 2-1 , an OAA/-type milky lotion was prepared in the same manner as in Example 2 
except that the zinc oxide of the present invention was replaced by an equal amount of card-shaped zinc oxide. In Com- 
parative Example 2-2, an 0/W-type milky lotion was prepared in the same manner as in Example 2 except that the zinc 
oxide of the present invention was replaced by an equal amount of rice-grain-shaped zinc oxide. In Comparative Exam- 
ple 2-3, an 0/W-type milky lotion was prepared In the same manner as in Example 2 except that the zinc oxide of the 
present invention was replaced by an equal amount of micro particle titanium dioxide. 
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[Example 3] W/O-type Cream 
[0092] 



5 





Ingredient 


Amount (wt.%) 




(aqueous phase) 




in 


purified water 


balance 




1.3-butylene glycol 


10.0 




(oily phase) 




IS 


the zinc oxide of the present invention (hydrophobicized) 


20.0 


squalane 


20.0 




glyceryl diisostearate 


5.0 




organically modified montmorittonite 


3.0 


20 . 


preservative 


suitable amount 




perfume 


suitable amount 



[0093] In Comparative Example 3-1 . a W/Otype cream was prepared in the same manner as in Example 3 except 
25 that the zinc oxide of the present invention was replaced by an equal amount of card-shaped zinc oxide which had been 
hydrophobicized. In Comparative Example 3-2, a W/O-type cream was prepared in the same manner as in Example 3 
except that the zinc oxide of the present invention was replaced by an equal amount of rice-grain-shaped zinc oxide 
which had been hydrophobicized. In Comparative Example 3-3. a W/O-type cream was prepared in the same manner 
as in Example 3 except that the zinc oxide of the present invention was replaced by an equal amount of commercially 
30 available zinc oxide (FINEX-50, product of Sakal Chemical Industry Co.. Ltd.) which had been hydrophobicized. 

[Example 4] Oily Cosmetic Composition 

[0094] 

35 





Ingredient 


Amount (wt.%) 


40 


the zinc oxide of the present invention 


10.0 




liquid paraffin 


60.0 




cetyl octanoate 


28.0 




antioxidant 


suitable amount 


45 


perfume 


suitable amount 



[0095] In Comparative Example 4-1 , an oily cosmetic composition was prepared in the same manner as in Example 
4 except that the zinc oxide of the present invention was replaced by an equal amount of card-shaped zinc oxide. In 
50 Comparative Example 4-2, an oily cosmetic composition was prepared in the same manner as in Example 4 except that 
the zinc oxide of the present invention was replaced by an equal amount of rice-grain-shaped zinc oxide. In Compara- 
tive Example 4-3, an oily cosmetic composition was prepared in the same manner as in Example 4 except that the zinc 
oxide of the present invention was replaced by an equal amount of commercially available zinc oxide (FINEX-50, prod- 
uct of Sakai Chemical Industry Co., Ltd.). 

55 
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[Example 5] Oily Cosmetic Composition 
(00961 



Ingredient 


Amount (wt.%) 


the zinc oxide of the present invention (hydrophobicized) 


10.0 


liquid paraffin 


48.0 


isopropyl myristate 


10.0 


silicone oil 


30.0 


silicone resin 


2.0 


antioxidant 


suitable amount 


perfume 


suitable amount 



[0097] In Comparative Example 5-1 , an oily cosmetic composition was prepared in the same manner as in Example 
5 except that the zinc oxide of the present example was replaced by an equal amount of card-shaped zinc oxide which 
had been hydrophobicized. In Comparative Example 5-2, an oily cosmetic composition was prepared in the same man- 
ner as in Example 5 except that the zinc oxide of the present invention was replaced by an equal amount of rice-grain- 
shaped zinc oxide which had been hydrophobicized. In Comparative Example 5-3, an oily cosmetic composition was 
prepared in the same manner as in Example 5 except that the zinc oxide of the present invention was replaced by an 
equal amount of commercially available zinc oxide (FINEX-50. product of Sakai Chemical Industry Co.. Ltd.) which had 
been hydrophobicized. 

{Example 6] Gel 

[0098] 



Ingredient 


Amount (wt.%) 


the zinc oxide of the present invention 


10.0 


liquid paraffin 


60.0 


olive oil 


20.0 


organically modified montmorillonite 


5.0 


BHT (antioxidant) 


suitable amount 


perfume 


suitable amount 



[0099] In Comparative Example 6-1 . a gel was prepared in the same manner as in Example 6 except that the zinc 
oxide of the present invention was replaced by an equal amount of canj-shaped zinc oxide. In Comparative Example 6- 
2, a gel was prepared in the same manner as in Example 6 except that the zinc oxide of the present invention was 
replaced by an equal amount of rice-grain-shaped zinc oxide. In Comparative Example 6-3, a gel was prepared in the 
same manner as in Example 6 except that the zinc oxide of the present invention was replaced by an equal amount of 
commercially available zinc oxide (FINEX-50, product of Sakai Chemical Industry Co., Ltd.). 
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[0100] 

5 



ingreaieni 


Amount (wtTb) 


purified water 


MCiiai ivo 


the zinc oxide of the present invention 


5.0 


dipropylene glycol 


5.0 


1,3-butylene glycol 


10.0 


polyethylene glycol 400 


10.0 


ethyl alcohol 


20.0 


polyQxyethylene(60) hydrogenated castor oil 


3.0 


octyl para-methoxycinnamate 


1.0 


perfume 


suitable amount 



[0101] In Comparative Example 7-1 , a lotion was prepared in the same manner as in Example 7 except that the zinc 
oxide of the present invention was replaced by an equal amount of card-shaped zinc oxide. In Comparative Example 7- 
25 2. a lotion was prepared in the same manner as in Example 7 except that the zinc oxide of the present invention was 
replaced by an equal amount of rice-grain-shaped zinc oxide. In Comparative Example 7-3. a lotion was prepared in the 
same manner as in Example 7 except that the zinc oxide of the present invention was replaced by an equal amount of 
commercially available zinc oxide (FINEX-50, product of Sakai Chemical Industry Co., Ltd.). 

30 [Example 8] Two-Way Foundation 

[0102] 



Ingredient 


Amount (wt.%) 


silicone-treated talc 


19.2 


silicone-treated mica 


40.0 


the zinc oxide of the present Invention (hydrophobicized) 


5.0 


silicone-treated titanium dioxide 


15.0 


red iron oxide treated with silicone 


1.0 


yellow iron oxide treated with silicone 


3.0 


black iron oxide treated with silicone 


0.2 


zinc stearate 


0.1 


nylon powder 


2.0 


squalane 


4.0 


solid paraffin 


0.5 


dimethylpolysiloxane 


4.0 


glyceryl triisooctanoate 


5.0 


octyl methoxycinnamate 


1.0 


pr servativ 


suitable amount 
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(continued) 



Ingredient 


Am unt(wt.%) 


antioxidant 
periiinrie 


suitable amount 
suitable amount 



[0103] In Comparative Example 8-1. a two-way foundation was prepared in the same manner as in Example 8 
except that the zinc oxide of the present Invention was replaced by an equal amount of card-shaped zinc oxide which 

10 had been hydrophobicized. In Comparative Example 8-2. a two-way foundation was prepared in the same manner as 
in Example 8 except that the zinc oxide of the present invention was replaced by an equal amount of rice-grain-shaped 
zinc oxide which had been hydrophobicized. In Comparative Example 8-3, a two-way foundation was prepared in the 
same manner as in Example 8 except that the zinc oxide of the present invention was replaced by an equal amount of 
commercially available zinc oxide (FINEX-50. product of Sakai Chemical Industry Co.. Ltd.) which had been hydropho- 

15 bicized. 

[Example 9] Cake-type Foundation 
[0104] 

20 





Ingredient 


Amount (wt.%) 


25 


talc 


36.9 




kaolin 


15.0 




sericite 


10.0 




zinc flower 


7.0 


30 


the zinc oxide of the present invention 


10.0 




red iron oxide 


1.0 




yellow iron oxide 


2.9 


35 


black iron oxide 


0.2 




squalane 


8.0 




POE sorbitan monooleate 


3.0 


40 


Isocetyl octanoate 


2.0 


isosteartc acid 


4.0 




preservative 


suitable amount 




antioxidant 


suitable amount 


45 


perfume 


suitable amount 



[0105] In Comparative Example 9-1, a cake-type foundation was prepared in the same manner as in Example 9 
except that the zinc oxide of the present invention was replaced by an equal amount of card-shaped zinc oxide. In Com- 
50 parative Example 9-2, a cake-type foundation was prepared in the same manner as in Example 9 except that the zinc 
oxide of the present invention was replaced by an equal amount of rice-grain-shaped zinc oxide. In Comparative Exam- 
ple 9-3. a cake-type foundation was prepared in the same manner as in Example 9 except that the zinc oxide of the 
present invention was replaced by an equal amount of commerdally available zinc oxide (FINEX-50, product of Sakai 
Chemical Industry Co., Ltd.). 

55 
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[Exampi 10] O/W Emulsified-type Foundation (liquid-type) 
[0106] 



5 





Ingredient 


Amount (wt.%) 




laic 


o.U 


10 


the zinc oxide of the present invention 


15.0 




red iron oxide 


0.5 




yeiiow iron oxiue 


1.4 




btac)( iron oxide 


0.1 


IS 








bentonite 


0.5 




polyoxyethylene sorbitan monostearate 


A A 
0.9 




triethanolamine 


4 A 
1.0 


20 


oroDvlene alvcol 


10.0 




purified, water 


balance 




stearic acid 


2.2 


25 


isohexadecyl alcohol 


7.0 




glyceryl monostearate 


2.0 




liquid lanolin 


2.0 




liquid paraffin 


2.0 


30 


preservative 


suitable amount 




perfume 


suitable amount 



35 [0107] In Comparative Example 10-1, an O/W emulsified-type foundation (liquid-type) was prepared in the same 
manner as in Example 10 except that the zinc oxide of the present invention was replaced by an equal amount of card- 
shaped zinc oxide. In Comparative Example 10-2, an O/W emulsified-type foundation (liquid-type) was prepared in the 
same manner as in Example 10 except that the zinc oxide of the present invention was replaced by an equal amount of 
rice-grain-shaped zinc oxide. In Comparative Example 10-3. an O/W emulsified-type foundation (liquid-type) was pre- 

40 pared in the same manner as in Example 10 except that the zinc oxide of the present invention was replaced by an 
equal amount of commerdatly available zinc oxide (FINEX-50, product of Sakai Chemical Industry Co.. Ltd.). 

[Example 11] O/W Emulsified-type Foundation (cream-type) 

45 [0108] 



Ingredient 


Amount (wt.%) 


hydrophobicized sericite 


5.36 


hydrophobicized kaolin 


4.0 


the zinc oxide of the present invention (hydrophobicized) 


9.32 


hydrophobicized red iron oxide 


0.36 


hydrophobicized yeiiow iron oxide 


0.8 


hydrophobicized black iron oxide 


0.16 
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(continued) 



Ingredient 


Amount (wt.%) 


liquid paraffin 


5.0 


decamethyicyclopentasiloxane 


12.0 


polyoxyethylene-modified dimethytpolysiloxane 


4.0 


purified water 


balance 


dispersing agent 


0.1 


1,3-butylene glycol 


5.0 


preservative 


suitable amount 


stabilizer 


2.0 


perfume 


suitable amount 



[0109] In Comparative Example 11*1 , an 0/W emulsrfied-type foundation (cream-type) was prepared in the same 
manner as in Example 1 1 except that the zinc oxide of the present invention was replaced by an equal amount of card- 
shaped zinc oxide which had been hydrophobicized. In Comparative Example 1 1-2, an 0/W emulsifled-type foundation 
(cream-type) was prepared in the same manner as in Example 1 1 except that the zinc oxide of the present invention 
was replaced by an equal amount of rice-grain-shaped zinc oxide which had been hydrophobicized. In Comparative 
Example 11-3, an O/W emulsified-type foundation (aeam-type) was prepared in the same manner as in Example 11 
except that the zinc oxide of the present invention was replaced by an equal amount of commercially available zinc 
oxide (FINEX-50. product of Sakai Chemical Industry Co., Ltd.) which had been hydrophobicized. 

[Example 12] W/0 Emulsified-type Foundation (two-phase-dispersion-type) 
[0110] 



Ingredient 


Amount (wt.%) 


hydrophobicized talc 


7.0 


the zinc oxide of the present invention (hydrophobicized) 


12.0 


silicic anhydride 


2.0 


nylon powder 


4.0 


coloring pigment 


2.0 


octamethyicyclotetrasiloxane 


10 .0 


pentaerythritol rosinate 


1.5 


neopentyl glycol diisooctanoate 


5.0 


squalane 


2.5 


glyceryl triisooctanoate 


2.0 


polyoxyethytene-modified dimethylpolysiloxane 


1.5 


purified water 


balance 


1 .3-butylene glycol 


4.0 


ethanol 


7.0 



[0111] In Comparative Example 12-1 . a W/0 emulsified-type foundation (two-phase-dispersion type) was prepared 
in the sam manner as in Example 12 except that the zinc oxide of the pr sent invention was replaced by an equal 
amount of card-shaped zinc oxide which had been hydrophobicized. In Comparative Example 12-2. a W/0 emulsifled- 
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type foundation (two-phase-dispersion type) was prepared in th same manner as in Example 12 except that the zinc 
oxide of the present invention was replaced by an equal amount of rice-grain-shaped zinc oxide which had been hydro- 
phobicized. In Comparative Example 12-3, a W/O emulsified-type foundation (two-phase-dispersion-type) was pre- 
pared in the same manner as in Example 12 except that the zinc oxide of the present invention was replaced by an 
5 equal amount of commercially available zinc oxide (FINEX-50, product of Sakai Chemical Industry Co., Ltd.) which had 
been hydrophobicized. 

[Example 13] Powdery Foundation 
10 [0112] 



II 1^1 6UIC71 11 


ruiiuuiiL ^Wl. /Of 






mica 


ou.u 


itstniin 


R n 
o.u 


the zinc oxide of the present invention 


10.0 


titanium dioxide 


5.0 


zinc stearate 


1.0 


red iron oxide 


1.0 


yellow iron oxide 


3.0 


black iron oxide 


0.2 


nylon powder 


10.0 


squalane 


6.0 


lanolin acetate 


1.0 


octyldodecyl myristate 


2.0 


neopentyl glycol diisooctanoate 


2.0 


sorbitan monooleate 


0.5 


preservative 


suitable amount 


perfume 


suitable amount 



[0113] In Comparative Example 13-1, a powdery foundation was prepared in the same manner as in Example 13 
except that the zinc oxide of the present invention was replaced by an equal amount of card-shaped zinc oxide. In Com- 
parative Example 13-2, a powdery foundation was prepared in the same manner as in Example 13 except that the zinc 
45 oxide of the present invention was replaced by an equal amount of rice-grain-shaped zinc oxide. In Comparative Exam- 
ple 13-3. a powdery foundation was prepared in the same manner as in Example 13 except that the zinc oxide of the 
present invention was replaced by an equal amount of commercially available zinc oxide (FINEX-50. product of Sakai 
Chemical Industry Co., Ltd.). 

50 [Test Example 2] Evaluation of compositions for external use (cosmetic composition) 

A. Evaluation based on a value gf In T-^finnmZ lD lMMnm 

[0114] Each cosmetic composition was formed into a S^im-thick film on a quartz plate. For each of these measure- 
55 ment samples, transmittance at X = 360 nm serving as an evaluation index of screening effect against long-wavelength 
ultraviolet rays and transmittance at A. = 400 nm serving as an evaluation index of visible-light transmission were meas- 
ured by use of a spectrophotometer (Hitachi UV3410, integrating-sphere mounted). Based on these data, 
lnT360nn/In'r4oonm was calculated and Examples 1 - 7 (along with related Comparative Examples) were evaluated. 
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Evaluation standards 
[0115] 

O- 'nT360nm^'nT4oonm 'S not less than 10 

^- 'nT360nm/lnT4oonm 'S less than 10 and not less than 8 

X: lnT360nn/lnT4oonm 'S less than 8 

The results are shown in Table 4. 



Table 4 





transmittance (k = 400 
nm) 


transmittance (X = 360 
nm) 


Evaluation 


Example 1 


90(%) 


27(%) 


0 


Comparative Example 1-1 


87 


25 


A 


Comparative Example 1-2 


85 


60 


X 


Comparative Example 1-3 


84 


21 




Example 2 


88 


23 


0 


Comparative Example 2-1 


87 


25 


A 


Comparative Example 2-2 


85 


60 


X 


Comparative Example 2-3 


85 


25 


A 


Example 3 


91 


31 


0 


Comparative Example 3-1 


87 


31 


A 


Comparative Example 3-2 


85 


59 


X 


Comparative Example 3-3 


87 


31 


A 


Example 4 


87 


22 


0 


Comparative Example 4-1 


87 


31 


A 


Comparative Example 4-2 


85 


60 


X 


ouinpaiauve cxampie 


oc 
oo 


Z7 


A 


Example 5 


87 


21 


0 


Comparative Example 5-1 


87 


30 


A 


Comparative Example 5-2 


85 


60 


X 


Comparative Example 5-3 


84 


21 


A 


Example 6 


90 


27 


0 


Comparative Example 6-1 


87 


25 


A 


Comparative Example 6-2 


85 


60 


X 
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[01 1 8] As shown in Table 4, whether the zinc oxide of the present invention was hydrophobicized or not, alt the cos- 
metic compositions containing the zinc oxide of the present invention exhibited a lnT360nfn/lnT4oonm va'ue of not less 
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than 10, and all the Comparative Examples exhibited a lnT36onm/^nT4oonm value of less than 10. 
[0117] in other words, cosmetic compositions containing the zinc oxide of the present invention exhibit desired 
characteristics; e.g., excellent visible-light transmission and excellent screening effect against long-wavelength ultravi- 
olet rays. 

B. Eyaiuation based on transmittance at ^ = 360 nm 

[0118] For cosmetic compositions of Examples 8 - 13 (including related Comparative Examples), only transmit- 
tance at A. = 360 nm. which relates to screening effect against long-wavelength ultraviolet rays, was used as the evalu- 
ation index. (The measurement method was the same as described above in "A.") 

Evaluation standanls 

[0119] 

O: T360nm value is less than 30% 

^- "^aeonm value is at least 30% and less than 40% 

X- '^360nm value Is at least 40% 

[0120] The results are shown in Table 5. 



Table 5 





Transmittance (X = 360 
nm ) 
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Example 8 
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Comparative Example 10-2 
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24 


o 


Example 1 1 
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Comparative Example 11-2 
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Example 12 
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Example 13 
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Comparative Example 13-1 
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TabI 


5 (continued) 






Transmittance (A. = 360 


Evaluation 




nm ) 




Comparative Example 13-2 


34 




Comparative Example 13-3 


24 


O 



[0121] As is apparent from Table 5* ail the cosmetic compositions containing the zinc oxide of the present Invention 
10 were evaluated as being equal or superior to the most excellent Comparative Example in terms of screening effiect 
against long-wavelength ultraviolet rays. 

[0122] In other words, the zinc oxide of the present invention, even if contained in a foundation which poses no 
direct problems in visible-tight transmission, exhibits a screening effect against long-wavelength ultraviolet rays equal 
or superior to that of the most effective conventional zinc oxide. 

IS 

INDUSTRIAL APPLICABILITY 

[0123] As described above, the present invention provides zinc oxide having an excellent screening effect, particu- 
larly against long-wavelength ultraviolet rays (UV-A), and further provides a UV-screening composition; e.g., a compo- 
20 sition for external use, which contains the zinc oxide of the present invention and has an excellent screening effect 
against ultraviolet rays and excellent transparency. 

Claims 

25 1. Zinc oxide which is in the form of primary particles having an average particle diameter of 50-100 nm and forming 
a planar shape, and which has a ratio represented by lnT360nm/'""'*4(X)nm n*xnm- transmittance of transmitted light of 
xnm) of 10 or more. 

2. Zinc oxide according to claim 1 , which has the following morphological characteristics: 

30 

(1) the zinc oxide is in the form of primary particles having an average particle diameter of 50-100 nm and form- 
ing a planar shape, the zinc oxide having a roughness corresponding to the diameter of one such primary par- 
ticle; 

(2) the longest dimension of the above zinc oxide is 0.01-5 ^m; and 

35 (3) the edge portion of the zinc oxide as described in (1) and (2) above has indentures having a depth of 10- 

200 nm, at intervals of 10-200 nm. 

3. Zinc oxide aggregate wherein the zinc oxide as described in claim 1 or 2 aggregates together. 

40 4. Zinc oxide aggregate according to claim 3. obtainable by causing a reaction between zinc ions (Zn^*^). carbonate 
ions (C03^')t and hydroxide ions (OH') in water, while the pH of the aqueous reaction solution is maintained at 7-9 
and the mole ratio of hydroxide ion to carbonate ion is fixed to be not greater than 4 (including the case in which 
the amount of hydroxide Ion is 0), and calcinating basic zinc carbonate formed in the aqueous reaction solution. 

45 5. Zinc oxide aggregate according to claim 4, wherein the mole ratio of hydroxide ion to carbonate ion is 2.5-3.5. 

6. Zinc oxide aggregate according to claim 4 or 5, wherein, in the aqueous reaction solution. 1) the zinc ions are pro- 
vided by zinc chloride, zinc sulfote, or zinc nitrate; 2) the carbonate ions are provided by sodium carbonate or potas- 
sium carbonate; and 3) the hydroxide ions are provided by sodium hydroxide or potassium hydroxide. 

50 

7. Zinc oxide aggregate according to any one of claims 4 through 6, wherein the temperature of the aqueous reaction 
solution is 40**C - 70*C. 

8. Zinc oxide aggregate according to any one of claims 4 through 7, wherein the temperature at which the basic zinc 
55 carbonate is calcinated is 150°C - 450°C. 

9. Zinc oxide according to claim 1 or 2, obtained by crushing the zinc oxide aggregate as described in any one of 
claims 3 through 8. 
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10. A UV-screening composition containing the zinc oxide as described in claim 1 or 2. 

11. A UV-screening composition according to claim 10, which Is a composition for external use. 

12. A UV-scr ening composition according to claim 1 1 , wherein the composition for external use is make-up cosmetics. 

13. A UV-screening composition according to claim 11 or 12. wherein the composition for external use Is sunscreen 
cosmetics. 

14. An external-use composition comprising the zinc oxide aggregate as described In any one of claims 3 through 8. 

15. An externakise composition according to claim 14. which is make-up cosmetics. 

16. An external-use composition according to claim 14 or 15. which is sunscreen cosmetics. 

17. A method for use of an external-use composition as desaibed in any one of claims 14 through 16. which comprises 
applying to skin the external-use composition to generate a frictional force; allowing the frictional force to crush the 
zinc oxide aggregate on the skin; and developing, on the skin, transparency and UV-screening ability of the zinc 
oxide expressed by a lnT360nm/lnT400nmi^tio(Txnm- transmittance of transmitted light of X nm) of 10 or more. 



22 



EP 0 992 455 A1 



Fig. 1 




Fig. 2 
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Pig. 3 




Fig. 4 
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Fig- 5 




Fig. 6 
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Fig. 7 
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